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Insight into the nature of the action of any reagent upon protoplasm 
can be gained only through the correlation of its physical and chemi- 
cal  properties  with  its  physiological  effects.  The  present  investi- 
gation is  an attempt to discover whether any quantitative relation 
exists  between  the  physiological effects  of  E-rays  from  radium  of 
different velocities and their physical characteristics. 
At  the  present  time it  is  impossible to  state  definitely whether 
qualitative differences exist in  the reactions of tissues to a-,  ~-,  y-, 
and  x-rays  1 although  the  characteristic  effects in  accelerating  and 
retarding cell  division and growth appear to be the same3.3  It is 
also indicated that the r~agnitude of the physiological action of these 
various  kinds  of  rays  corresponds roughly with  their  strength,  as 
measured by their action in ionizing air.  4 
Several  investigators  have  already  undertaken  to  compare  the 
effects of slow and fast E-rays from radium, but none of them have 
attempted to procure homogeneous groups of rays  or to  determine 
more than relatively the velocities of the rays used.  Packard, who 
by means of a  strong magnetic field and with the aid of mica filters 
I For evidence of specific effects of different types of rays see Beckton,  H., 
Arch.  Middlesex  Hospital,  1914-15,  xxxii,  123.  Chambers,  H.,  and  Russ,  S., 
ibid.,  1912,  xxvii,  29.  Colwell, H.  A., and  Russ,  S.,  Radium,  x-rays and  the 
living cell, London, 1915, 146. 
Lazarus-Barlow, W. S., an.d Beckton, H., Arch. Middlesex Hospital, 1913, xxx, 
47.  Packard,  C., J. Exp. Zool., 1916, xxi, 199.  Richards, A., Biol. Bull., 1914, 
xxvii, 67. 
3 Packard,  C., ]. Exp. Zool., 1915,  xix, 323. 
4 Russ,  S., Arch. Middlesex Hospital,  1912, xxvii, 16.  Lazarus-Barlow, W. S., 
and Beckton, H., ibid., 1913, xxx, 47. 
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separated  the  B-rays,  observed  certain  differences  in  their  effects 
upon  the  eggs  of Arbacia  and  Nerds,  but  in  this  investigation  no 
attempt  was made  to  compensate for the  differences in intensity  of 
the  rays  to which  the  cells were  exposed?  Congdon  compared  the 
effects obtained by exposing seeds to a primary beam of B-rays with 
the effects of the same beam plus the soft rays, which were scattered 
back from  the primary  beam  from  a  surface of lead, and concluded 
that  in  proportion  to  their  energy  content  the  slower  rays  have  a 
greater retarding  action than  the more rapid rays.  5 
The  development  of  a  method  of  measuring  the  physiological 
action  of  radiations  from  radium  has  enabled  us  to  examine  the 
problem  quantitatively.  The  method  depends  upon  the  fact  first 
observed by Packard  that  the  fertilization  membranes  of  the  eggs 
of the marine  worm,  Nereis  limbata,  are greatly enlarged  if the eggs 
have been exposed to radium prior to fertilization. 3  We have shown 
that  the  extent  of this  change is  a  reliable measure  of the intensity 
of radiation. 6  When used as instruments  for measuring the strength 
of a  beam of heterogeneous rays,  the eggs will take account of each 
ray only in as far as it is effective physiologically.  We have shown 
that  the  influence  of the  "r-rays  upon  these  eggs  is  negligible when 
compared  to  the  B-rays,  ~  and  have  consequently  neglected  their 
consideration  in interpreting  our experimental  results.  The  general 
plan  of the investigation has been to expose Nereis eggs to  approxi- 
mately  homogeneous beams  of B-rays of various  velocities,  to  com- 
pare  the effects so produced with  the effects produced on eggs from 
the same worm by a heterogeneous beam of B-rays of known intensity, 
and in this way obtain a measure of the relative physiologically effective 
radiation in each homogeneous beam.  These values have then been 
compared with  the relative  strengths  of each homogeneous beam as 
measured by their ability to ionize air.  Before going into the details 
of the experiments it may be stated that they indicate that the ratio 
of the physiological effect and the ionizing power of B-rays is constant 
for all velocities. 
Congdon, E. D., Arch. Entwcklngsmechn. Organ., 1912, xxxiv, 267. 
* Redfield, A. C., and Bright, E. M., Am. J. Physiol., 1917-18, xlv, 374. 
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Procedure. 
Homogeneous groups of/%rays have been procured by the method 
commonly used  by  physidsts,  which  depends  on  the  fact  that  in 
traversing a  magnetic field these negatively charged bodies  are de- 
flected in a direction normal to the field and as a  consequence travel 
in curved paths.  The relation between the velocity of a  ~-partide, 
u,  the radius  of curvature of its  path,  R,  and  the  strength  of  the 
magnetic field, H, are given by the equation 
~t~u 
HR=-- 
¢. 
where m is the mass of the particle and e its charge.  For our purpose 
it will suffice to note that the relative velocity of the t-ray is meas- 
ured by HR, the product of the radius of curvature and the strength 
of  the  magnetic  field,  which  are  predetermined  experimental  con- 
ditions.  By making the usual assumptions concerning the value of 
e and of m  for various velocities absolute values might be assigned 
to the velocities of .the beams of t-rays which we have used. 
The  apparatus  which we have  employed is  illustrated  in  Fig.  1. 
A  solenoid,  50  cm.  long,  was  wound about  a  hollow water jacket, 
WJ.  Knowing  the  number  of  turns  of  wire in  the  solenoid,  its 
length,  radius,  and  the strength  of  current passing  through it,  the 
strength of the magnetic field, H,  in its  center could be  calculated 
directly.  A  stream  of  water  circulating  through  the  water  jacket 
prevented  the  heat  generated in  the  solenoid  from  increasing  the 
temperature of the space within.  Into this space could be introduced 
an arrangement for exposing the eggs to rays separated into homo- 
geneous groups by the magnetic field.  This device consisted of two 
lead blocks so arranged that a  slender glass tube containing radium 
emanation, E, was supported  1 cm. from a  slit,  S,  through which a 
beam of rays escaped?  The width of the slit was 0.1  cm. in some 
experiments, 0.065  cm. in others.  When undetected, the rays leav- 
a We are greatly indebted to Dr. William Duane for indispensable advice in de- 
signing our apparatus,  and to Dr. R. B. Greenough, the Director of the Cancer 
Commission of Harvard University, for placing a supply of radium emanation at 
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ing this slit passed on through a  distance of 2  cm. and impinged at 
A upon a glass plate on which the eggs were spread.  In the presence 
of a magnetic field a  slow ray, travelling in a  course having a  small 
radius of  curvature, would strike  the glass plate  at C  while a  fast 
FIc. 1. Diagram of apparatus for exposing  Nerds eggs to homogeneous  groups 
of B-rays of different velocities. 
ray travelling more nearly in a straight line would strike at B  nearer 
to  A.  Fig.  2  is  a  photographic record  of  the  course  of  the  direct 
and deflected beam. 
Two procedures were employed to expose eggs to beams of rays 
of different velocities.  In one the magnetic field, H, was kept con- A. C.  REDFIELD  AND E.  M.  BRIGHT  35 
stant  while  the  radius of curvature, R,  was varied by placing the 
eggs at different positions on the glass plate.  In the other the mag- 
netic field was  varied  by altering  the  current flowing through the 
solenoid, while the radius of curvature was kept constant by placing 
each lot of eggs in the same position on the glass plate. 
In the former procedure eggs were spread uniformly over the plate 
in a thin film of sea water and radiated for 1 or 2 hours in the presence 
of  a  strong  magnetic  field.  9  Slender  filaments  of  glass  cemented 
across the plate divided it into chambers, each at a measured distance 
from A, and prevented the eggs from moving from the position which 
FIG. 2.  Photograph of the course of the B-rays when undeflected, A, and de- 
flected, B, by a magnetic field of about 450 gauss.  The upper picture was made 
by placing the photographic plate against the end of the lead blocks which define 
the beam, so that it was struck a glancing blow by the rays.  The lower picture 
was made by placing the photographic plate under the lead blocks in the position 
occupied by the glass p!ate which supported the eggs. 
they occupied while being radiated.  At the completion of the period 
of radiation the plate was removed from the apparatus and the eggs 
were fertilized by blowing a shower of sperm suspended in sea water 
upon them with an atomizer.  This procedure was essential in order 
to prevent eggs being washed from one  compartment on  the plate 
to another.  About 40 minutes after fertilization, a  cover-glass was 
laid across the glass filaments, which protected the eggs from being 
crushed,  and measurements of  the  thickness of  the membranes  of 
9 Preliminary experiments established the fact that exposure to the magnetic 
field alone had no effect upon the membrane of the Nereis eggs. 36  EFFECTS  OF  fl-]~AYS  OF  DIFFE!~ENT  VELOCITIES 
the eggs were begun.  In making these measurements one egg from 
each compartment was measured in turn,  then a  second from each 
compartment, then a third, and so on until ten or twelve eggs from 
each compartment had been measured, by which time the eggs had 
begun to divide and it was impossible to obtain further exact meas- 
urements.  In  this  way we  were  assured  that  the  figures for each 
compartment were made the same average time after fertilization, a 
matter of much importance.  This procedure had the advantage that 
all  the  eggs were radiated at one  time  after they had been  freshly 
removed from the  female worm.  Its  disadvantage lay in  the fact 
that  it  was  impossible  to  measure  very many eggs  from  each  lot 
since all the lots had to be measured at once. 
The  alternative procedure  consisted in placing successive lots of 
eggs in the same position  on  the  glass  plate  so  that each  lot  was 
exposed to  rays travelling  through  the same path.  In this  case  R, 
the  radius  of  curvature of the  effective beam,  remained constant. 
Each lot of eggs was exposed for an equal period of time, 1 or 2 hours, 
but with a different amount of current flowing through the solenoid, 
so  that the strength of the magnetic field, H,  varied.  At the  ter- 
mination of the period of radiation each lot of eggs was washed into 
a watch-glass of sea water, fertilized, and after a uniform period the 
membranes of twenty-five eggs were measured.  This procedure pos- 
sessed the advantage that a larger number of eggs from each lot could 
be measured, but it was so time-consuming that only a limited number 
of homogeneous beams could be measured in each experiment.  More- 
over,  as  the  experiment  proceeded  measurements  were necessarily 
made with eggs which had been removed from the female worm for 
longer and longer periods.  We have some reason to suspect that these 
eggs become slightly less sensitive to radiation after they have stood 
in sea water for a long period. 
The figures obtained from such experiments as these give a measure 
of the amount of physiological effect from each beam of homogeneous 
radiation.  We  have  shown,  however,  that  the  amount of physio- 
logical effect, as indicated by the volume of the fertilization membrane 
of Nerds eggs, is not a direct measure of the intensity to which they 
have  been  exposed.  What we  desire  is  a  measure  of  the  physio- 
logically effective radiation in each group of homogeneous rays which A.  C.  lZED~IELD  ARrD E.  M.  BI~IGHT  37 
can be compared with a measure of the same beam obtained by some 
standard  physical method.  Since  we have  shown  that  the  volume 
of the membrane is a direct function of the logarithm of the intensity 
of  radiation  through  a  considerable  range  of  membrane  volumes, 
it is a simple matter to calibrate each lot of eggs so that the intensity 
of radiation can be approximated from any known membrane volume.  6 
To do this  a  series  of measurements  was made of the physiological 
effects of various  intensities  of the  entire  radiation from  a  tube of 
radium  emanation,  the intensity  being determined  by the distances 
between the tube and the eggs according to the formula of Wood and 
Prime. I°  From data obtained in this way a curve, such as that shown 
in Fig. 3, was drawn relating  the intensity of radiation with the re- 
sulting membrane volume.  This  curve was then used to determine 
the  relative  intensity  of  physiologically  effective radiation  in  each 
beam of homogeneous/~-rays by finding  on  the  curve the  intensity 
which  corresponds to the average volume of the membranes of each 
lot of eggs. 
Having obtained in  the preceding  manner  a  measure  of the rela- 
tive intensity of the physiologically effective radiation in each beam 
of r-rays of homogeneous velocity it became necessary to determine 
the total intensity of each beam by some standard physical method. 
Although  the  relative  number  of  B-particles  of  various  velocities 
given off by tubes of radium emanation in equilibrium with its prod- 
ucts has been determined with precision, 1~, 22 two considerations made 
it desirable  to obtain  this  information  with  the  apparatus  used for 
the physiological determinations.  In the first place the slit, S, used 
to separate the rays into homogeneous beams was of finite dimensions 
so that it was only possible to obtain an approximation to homogene- 
ity.  Since our physiological method of measurement was relatively 
insensitive it was necessary to keep the distances through  which the 
rays travelled short and  the slit wide in order  that  the effect  upon 
the eggs might be great enough to be measured accurately.  Another 
source of error in the method was due to the fact that a considerable 
10 Wood, F. C., and Prime, F., Jr., Ann. Surg., 1915, lxii, 751. 
11 Wilson, W., Proc.Roy. Soc. London, Series A, 1909, lxxxii, 612.' 
1, Wilson, W., Proc. Roy. Soc. London, Series A, 1911, lxxxv, 240. 38  EFFECTS  OF ~-P,.A¥S OF DIFFERENT  VELOCITIES 
number of rays struck  the  edges of the  slit  and  were  "reflected"  in 
all directions so that all the beams were contaminated by a  consider- 
able number of rays of velocity considerably greater or smaller than 
the  modal  velocity  of  the  beam.  The  only  way  the contribution 
of  these  scattered  rays  to  each beam  could  be  accounted  for was a 
direct physical measurement made with  the  same apparatus  as  was 
used for the physiological experiments. 
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FIG. 3.  Curve used to determine the relative intensity of the physiologically 
effective radiation from its effect on the membrane of Nerds eggs.  The points 
are experimental results obtained with known intensities of heterogeneous radia- 
tion.  The line  is  the  curve used in  calibrating  the  experimental results  with 
homogeneous beams.  Intensities measured in  millicurie  centimeters along the 
abscissa.  Membrane volumes measured in 100,000 cubic microns along the or- 
dinate.  Experiment of August 29,  1918. A. C. RED]~IELD AND  E. M.  BRIGHT  39 
In order to calibrate the "spectrum" of B-rays the apparatus was 
modified as shown in Fig. 4.  To make more room the water jacket 
was removed from the interior of the solenoid, and a  brass tube ar- 
ranged to extend into the center of the coil and support a small ioni- 
FIo. 4. Diagram  of arrangement used to determine the relative ionizing  powers 
of homogeneous  groups of B-rays to different velocities. 
zation  chamber,  I.  The  roof of  this  chamber  consisted  of  a  lead 
plate  3  ram.  thick which prevented  any ~-rays  from entering  the 
chamber except through a hole, O, 1 mm. wide and 1 cm. long.  The 
lead blocks which supported  the  tube of radium emanation rested 40  E~TECTS  OF  ~-I~,AYS  O~'  DIFFERENT  VELOCITIES 
upon the roof of the ionization chamber, and could be slid back  and 
forth  so  that  a  beam  of/3-rays  of  any  desired  radius  of  curvature 
entered  the  hole.  When  these  rays  passed  through  the  ionization 
chamber the air in it became ionized.  The relative number  of ions 
formed by the various beams of homogeneous rays was measured  by 
the rate at which they conducted electricity between the wall of  the 
ionization  chamber,  charged  to  120  volts,  and  a  suitably  insulated 
wire,  W,  which  projected  into  the  chamber  from  one  end.  This 
wire led to a quadrant  electrometer arranged  as described by Duane 
for measuring  ionization  currents  of this  sort. 13  Several corrections 
had  to  be  applied  to  the  measurements  of ionization  made  in  this 
way.  A  considerable part  of the ionization  current was due to the 
effects of v-rays which passed  through  all parts  of the  lead roof of 
the ionization chamber and to secondary #-radiations set up by them 
on striking  the walls of the chamber.  A  smaller increment was due 
to the leak of electricity across the insulation of the wire.  To correct 
for these the roof of the ionization  chamber was replaced by a  piece 
of lead in which there was no hole and a  measurement  made which 
expressed the ionization due to the v-rays and the leak.  This value 
subtracted from the former measurement,  gave an expression of the 
amount of ionization due to the #-rays alone.  As the air within the 
ionization  chamber  became  warm  from  the  heat  generated  in  the 
coil its density became less and as a result the number of ions formed 
by a given beam of rays was reduced in  proportion to the rise in the 
absolute  temperature.  Care  was  taken  to  record  the  temperature 
of  the  air  within  the  solenoid  at  the  time  each  measurement  was 
taken  and  to  correct  each  reading  to  a  standard  temperature,  for 
which  27°C.  was chosen.  In addition  a  slight  correction was made 
for the decay of the radium emanation in the course of the experiment. 
By  these  procedures  figures  were  obtained  expressing  in  arbitrary 
units the relative ionization produced by each of the beam~ of B-rays 
which  had  been  measured  physiologically,  and  under  exactly  the 
same conditions. 
13 Duane, W., Boston Med. and Surg. J., 1917, clxxvii, 787. A.  C.  RED,FIELD AND  E.  M.  BRIGHT  41 
Results. 
Seventeen experiments were conducted on Nereis eggs with these 
methods.  Of these nine of a preliminary nature were rejected either 
because insufficient data were obtained for determining the effective 
TABLE  I. 
Nerds Eggs Exposed to Homogeneous Beams of O-Rays Separated by a  Uniform 
Magnetic Field but Travelling through Paths of Various Radii of Curvature. 
July 9, 1918.  H  =  477 gauss.  R  variable.  0.1  cm. slit.  Strength of ema- 
nation =  46 millicuries.  Time of radiation  =  90 rain.  Twelve eggs measured 
in each lot. 
o 
HR 
gauss  cm. 
840 
965 
1,120 
1,315 
1,595 
1,990 
2,600 
3,445 
5,010 
Volume  of mem- 
brane. 
105 t~a 
4.40 
4.50 
6.10 
7.90 
11.60 
12.55 
12.65 
11.60 
10.90 
Relative  effective 
radiation. 
19.8 
23.5 
28.1 
49.1 
82.5 
98.5 
100.0 
82.5 
73.6 
Relative  ionization. 
20.0 
23.0 
44.0 
62.0 
80.0 
96.5 
100.0 
95.5 
78.0 
Ionization. 
Effective radiation. 
1.01 
0.98 
1.57 
1.26 
0.97 
0.98 
1.00 
1.16 
1.06 
Aug.  21,  1918.  H  =  502  gauss. 
emanation =  58.4  millicuries.  Time 
eggs measured in each lot. 
R  variable.  0.065  cm.  slit.  Strength  of 
of radiation =  120 min.  Eight to twelve 
932 
1,070 
1,235 
1,475 
1,805 
2,250 
3,015 
4,230 
6,560 
6.00 
6.15 
6.35 
6.50 
7.30 
8.65 
8.05 
7.90 
5.80 
48.0 
50.0 
51.7 
54.7 
67.4 
100.0 
81.6 
77.5 
45.0 
35.4 
46.1 
62.2 
80.8 
97.3 
100.0 
91.5 
72.5 
47.8 
0.74 
0.92 
1.20 
1.48 
1.44 
1.00 
1.12 
0.94 
1.06 
intensity from the physiological change obtained, or because too few 
determinations were made,  or because the  change in the membrane 
volumes  obtained were  too  small for  accurate  measurement.  One 
experiment was  rejected  because  the  measurements  obtained  were TABLE  II, 
Nerds Eggs Exposed  to Homogeneous Beams  of ~-Rays  Separated by a  Variable 
Magnetic Field but Travelling through Paths of the Same Radius of Curvature. 
Aug.  1,  1918.  H  variable.  R  =  8.45  cm.  0.065 cm. slit.  Strength of ema- 
nation  =  51.5  miUicuries.  Time  of  radiation  =  60  rain.  Twenty-five  eggs 
measured in each lot. 
HR 
gauss cm. 
0 
1,070 
1,510 
2,265 
3,060 
4,220 
Volume of mem- 
bralle. 
lO  s #3 
3.95 
5.61 
5.71 
6.30 
5.71 
5.50 
Relative effective 
radiation.  Relative ionization. 
49.0 
89.5 
92.0 
100.0 
92.0 
84.5 
53.5 
85.0 
96.0 
97.5 
87.0 
68.0 
Ionization. 
Effective radiation. 
1.09 
0.95 
1.04 
0.98 
0.95 
0.81 
Aug. 29, 1918.  H  variable.  R  =  13.1 cm.  0.065  cm. slit.  Strength of ema- 
nation  =  70 miUicuries.  Time of radiation  =  90 min. 
0 
1,560 
2,860 
4,100 
5,340 
6,570 
7,320 
3.70 
6.05 
5.80 
5.70 
4.10 
4.85 
3.35 
55.0 
100.0 
93.5 
91.5 
62.5 
75.5 
51.0 
76.6 
100.0 
96.5 
82.8 
66.7 
57.5 
52.5 
1.39 
1.00 
1.03 
0.91 
1.07 
0.76 
1.03 
Aug. 29,  1918.  H  variable.  R  =  8.45 cm.  0.065 cm. slit.  Strength of ema- 
nation  =  70 millicuries.  Time of radiation  =  90 min. 
0 
1,010 
1,845 
2,645 
3,440 
4,240 
5,040 
2.90 
5.20 
5.80 
6.10 
4.75 
5.60 
4.00 
46.0 
81.0 
92.0 
100.0 
72.0 
88.5 
60.0 
53.5 
83,6 
100,0 
93.0 
78.6 
68.2 
55.0 
1.16 
1.03 
1.09 
0.93 
1.09 
0.77 
0.92 
Aug.  30,  1918.  H  variable.  R  =  7.65  cm.  0.01  cm. slit.  Strength of ema- 
nation  =  60 millicuries.  Time of radiation  =  75 min. 
0 
531 
1,305 
2,045 
2,765 
3,485 
4,210 
4,925 
4.35 
5.55 
5.60 
8.50 
9.80 
9.10 
9.30 
6.60 
38.2 
53.6 
54.0 
88.6 
105.0 
94.8 
99.0 
64.0 
35.2 
48.0 
72.0 
95.0 
100.0 
98.7 
90.2 
81.5 
0.92 
0.90 
1.33 
1.07 
0.95 
1.04 
0.91 
1.27 
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TABLE  H--Concluded. 
Aug.  30,  1918.  H  variable.  R  =  5.45  cm.  0.01  em.  slit. 
emanation  =  60 miUicuries.  Time of radiation  =  75 rain. 
43 
Strength  of 
HR 
ggU$$ C~. 
0 
392 
935 
1,405 
2,000 
2,490 
3,000 
3,520 
Volume of mem- 
brane. 
105/~3 
3.65 
4.25 
4.30 
6.45 
8.70 
8.55 
9.00 
6.70 
Relative effective 
radiation. 
30.2 
40.7 
42.0 
70.0 
101.0 
100.0 
104.5 
72.2 
Relative ionization 
32.5 
38.3 
59.0 
77.1 
92.5 
100.0 
94.5 
91.5 
Ionization. 
Effective  radiation. 
1.08 
0.94 
1.40 
1.10 
0.92 
1.00 
0.91 
1.27 
so irregular that it is our belief that their inclusion would only serve 
to obscure the truth.  Seven experiments remained which we consider 
satisfactory in every respect and their results are presented in Tables 
I, II, and III, and Figs. 5 and 6.  It may be added that the rejected 
experiments, as far as can be judged, agree with the data here pre- 
sented in showing maximum and minimum effects for beams of E-rays 
of corresponding velocities. 
Table I  contains the results  of  two experiments made with the 
procedure in which the magnetic field,  H, remained constant while 
the radius of curvature, R, of the effective  beam of E-rays varied with 
each lot of eggs.  One of these experiments is illustrated graphically 
in Fig.  5.  Table II contains the results of five experiments made 
with the procedure in which the strength of the magnetic field,  H, 
varied, while the radius of curvature, R, in which the effective beam 
of E-rays moved was the same for each lot of eggs.  One of these 
experiments is illustrated graphically in Fig. 6.  Examination of the 
tables will show that the intensity of the radiation in each beam as 
measured physiologically, indicated in the third column of the table, 
and the amount of ionization produced by each beam in air, indicated 
in the fourth column, both increase rapidly up to a maximum at about 
the same value of HR and then fall off again as HR increases further. 
In the fifth column of these i:ables the ratio of the relative amount 
of ionization and  the  relative physiologically effective radiation is 44  E]~FECTS  O1  ~  /~-RAYS  OF  DI]~]~ERENT  VELOCITIES 
given.  The units in which these values are expressed are arbitrarily 
chosen so that if a direct relation exists between the ability of/3-rays 
of any velocity to act upon living cells and to ionize air the figures 
in this column will approach a constant with a value about 1.0.  This 
is seen to be the case.  Individual figures fluctuate considerably from 
this value,  as is  to be  expected in constants derived from physio- 
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FIO. 5. The solid line represents the relative ionization, measured along the 
ordinate, produced by/~-rays of different velocities, measured along the abscissa. 
The points represent the relative physiologically  effective radiation in the same 
beams, as determined with Nerds  eggs.  For data see Table I, experiment of 
July 9, 1918.  H  =  477 gauss.  R variable. 
logical data, but the deviations do not show any correlation with the 
velocity of the/~-rays under consideration.  We have collected all the 
constants from Tables I  and II into groups according to the velocity 
of the/~-rays and have presented the average for each group in Table 
III.  When this is done the fluctuations in the individual constants 
balance out and it becomes clearly apparent  that as  the  velocity  of A.  C.  P~EDl~IELD  AND  E.  M.  BRIGHT  45 
the rays increases  tke ratio  between their  physiological  effect and  their 
ionizing power remains constant. 
It has •been shown by Wilson that  a  number  of slow O-rays pro- 
duce many more ions per cm. path through air than the same number 
of fast ones?'-  Since we have shown that there is a constant relation 
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FIG. 6.  The solid line represents the relative ionization, measured along the or- 
dinate,  produced by ~-rays of different velocities, measured along the abscissa. 
The points represent the relative physiologically effective radiation  in the same 
beams, as determined with Nerds eggs.  For data see Table II, experiment of 
August 30, 1918.  H variable.  R  -  7.65 cm. 
between  the  ionization  produced  in  passing  through  the  depth of 
the ionization chamber and the physiological effect produced in pass- 
ing  through  the  Nerds  eggs by a  E-ray of any  velocity, it  may be 
concluded  that  in  passing  through  a  cell  a  number  of  slow E-rays 
will produce much more physiological effect than  the same number 
of fast 0-rays. 46  EFFECTS  OF  S-RAYS  OF  DIFFERENT  VELOCITIES 
The finding that  the physiological action of the S-rays is  closely 
related to its ionizing power is compatible with the view which has 
been  vaguely suggested  by  many investigators  and  definitely for- 
mulated by  Joly  z4 and Richards and  Woodward  z5 that  the physio- 
logical effects of x-rays and radiations from radium are due primarily 
to their ionizing effects upon substances in the protoplasm.  It must 
be  remembered, however,  that  the  relative ionization produced by 
S-rays is  probably related  to  the  relative  absorption  of these rays 
by matter and our findings might be  explained equally well  in ac- 
cordance with  the  principle  of  Grotthus.  According to  this  view 
TABLE  III. 
Averages of the Constants in the Fifth Column of Tables I and II Grouped according 
to the  Velocity of the B-Rays Employed. 
HR 
ga  ~A.~  $  cm. 
0-  500 
500-1,000 
1,000-1,500 
1,500-2,000 
2,000-2,500 
2,500-3,000 
3,000-4,000 
4,000-5,0O0 
5,000-6,000 
6,000-7,000 
Ionization. 
EffeCtive radiation. 
1.13 
0.99 
1.20 
1.06 
1.01 
0.99 
1.10 
0.92 
1.02 
0.95 
slow/~-rays produce more physiological change than a  corresponding 
number of fast B-rays because they are absorbed to a correspondingly 
greater degree.  Ionization of some of the constituents of protoplasm 
need not necessarily be involved in the transformation of the energy 
consumed in producing the physiological change.  To establish  the 
fact that ionization of the cell constituents actually occurs under the 
influence of these rays,  quantitative  data  of another sort  must  be 
forthcoming. 
14 Joly, J., Proc. Roy. Soc. London, Series B, 1914-15, Ixxxviii, 262. 
z5 Richards, A., and Woodward, A. E., Am. J. Roent., 1917, iv,  564. A. C. RED]HELD  AND  E. Xf. BRIGHT  47 
The conclusion of Congdon will be seen to be at variance with our 
experimental result.  ~  In his  experiments it was  observed that  the 
addition of enough soft B-rays to a  heterogeneous beam to increase 
its ionizing power 25  per cent caused an average retardation of  35 
per cent in the rate of growth of seeds exposed to the radiations.  It 
is to be regretted that Congdon did not determine how greatly the 
retardation wouldhave been increased by strengthening the primary 
beam by 25  per cent without changing its  character.  If this  pro- 
cedure had yielded retardation of less than 35 per cent we could then 
feel sure that the discrepancy in our results was a real one. 
SUMMARY. 
1.  The physiological effect upon the eggs of Nereis of homogeneous 
groups of B-rays of different velocities is proportional to their ability 
to ionize air. 
2.  t-rays  of  low  velocity produce  a  greater  amount  of  physio- 
logical change than the same number of rays of high velocity. 
3.  These  conclusions  are  consistent with,  but  do not prove,  the 
view  that  the  physiological  effects of  radiations  from  radium  and 
x-rays are due to the production by them of an ionization of some 
substance in the egg. 